Introduction
============

Alcohol is classified as Group 1 carcinogen by the International Agency for Research on Cancer (IARC), which category is used when there is sufficient evidence of carcinogenicity in humans \[[@b1-crt-2017-094]\]. However, it was usually excessive alcohol drinking that was condemned for causing cancer, and light or moderate alcohol consumption has been conceived as acceptable or even encouraged because of its known benefits in preventing cardiovascular diseases. Previously in 2003, the third edition of European Code against Cancer (ECAC) recommended that "If you drink alcohol, whether beer, wine or spirits, moderate your consumption to two drinks per day if you are a man or one drink per day if you are a woman.\" \[[@b2-crt-2017-094],[@b3-crt-2017-094]\]. In 2015, the IARC published an article involving the newly revised ECAC fourth edition on alcohol drinking and cancer, which recommends "If you drink alcohol of any type, limit your drinking. Not drinking is better for cancer prevention.\" \[[@b4-crt-2017-094]\].

Since the publication of the ECAC fourth edition, however, Prof. Myung, the corresponding author of this paper claimed in the letter to the editor that the new ECAC on alcohol should be corrected because there were considerable critical flaws in the interpretation and citation of the existing observational epidemiological studies and meta-analyses on the association between light alcohol drinking (≤ 1 drink/day or 12.5 g/day) and the risk of cancer \[[@b5-crt-2017-094]\]. He criticized that the authors of the ECAC fourth edition did not consider the difference in findings between case-control studies and cohort studies: there was no significant association between light alcohol drinking and the risk of oropharyngeal cancer and colon cancer in the meta-analysis of cohort studies, whereas light alcohol drinking increased the risk of oropharyngeal cancer and colorectal cancer in the meta-analysis of case-control studies. Moreover, they incorrectly used the data for "moderate drinking (2-3 drinks/day)" or just "drinking" instead of "light drinking" in some analyses. Prof. Myung also published another letter to the editor \[[@b6-crt-2017-094]\] criticizing erroneous conclusions about the association between light alcohol drinking and the risk of cancer in Bagnardi et al.'s meta-analysis \[[@b7-crt-2017-094]\], which concluded that light alcohol drinking increased the risk of cancer of oropharynx, esophagus, and female breast and consequently contributed to the newly revised ECAC. Similarly, he pointed out that in Bagnardi et al.\'s meta-analysis \[[@b7-crt-2017-094]\], except for female breast cancer, the meta-analysis of cohort studies did not show any significant association between light alcohol drinking and the risk of cancer of oropharynx, larynx, esophagus, colorectum, and liver, whereas the meta-analysis of case-control studies showed a significant positive association between light drinking and cancer of oropharynx and esophagus \[[@b6-crt-2017-094]\]. In summary, regarding the association between light alcohol drinking and the risk of cancer, the previous meta-analysis and the new ECAC fourth edition led to erroneous conclusions and incorrect recommendations due to the wrong interpretation and citations of the existing observational epidemiological studies.

Thus, we performed a comprehensive meta-analysis of cohort studies on this topic in order to investigate whether or not very light or light alcohol drinking as well as moderate alcohol drinking increased the risk of cancer.

Materials and Methods
=====================

1. Search strategy
------------------

We searched PubMed and EMBASE in March 31, 2016 using keywords "alcohol consumption," "alcohol intake," "cancer," and "cohort study.\" We also reviewed the bibliographies of relevant articles to find additional studies.

2. Selection criteria
---------------------

We included prospective or retrospective cohort studies reporting a multivariate adjusted relative risk (RR) with its 95% confidence interval (CI) for the association between light alcohol drinking (≤ 1 drink/day) and/or moderate alcohol drinking (1-2 drinks/day) and the risk of cancer. The current analysis involved general healthy populations. Thus, we excluded studies involving patients with underlying cancer and populations at high risk for a specific cancer such as patients with liver cirrhosis or hepatitis B virus carriers at high risk for liver cancer and those with Barrett's esophagus at high risk for esophageal cancer. Also, we excluded (1) studies that adjusted for only age and/or sex in the multivariate analysis, (2) studies that used 0-2 drinks/day as criteria for light alcohol drinking instead of 1-2 drinks/day, and (3) studies that used 0.5 drink/day or more as a reference value.

3. Selection of relevant studies
--------------------------------

Two authors (Y.-J. Choi and J.-H. Lee) of the current study independently selected relevant studies in the first screening process. Any disagreements were solved by discussion and in consult with a third author (S.-K. Myung). If data were duplicated or shared in more than one article, we included the more comprehensive or more recently published article for the analysis.

4. Main analysis and subgroup analysis
--------------------------------------

We investigated the risk of each type of cancer in both incidence and mortality according to different levels of alcohol drinking: very light drinking (≤ 0.5 drink/day), light drinking (≤ 1 drink/day), and moderate drinking (1-2 drinks /day). In general, one drink of alcohol corresponds to one unit of alcohol (12.5 g) which is contained in one glass of beer (355 mL), one glass of wine, and a single shot of hard liquor. However, since a number of studies used up to 15 g/day as 1 drink/day, we accepted up to 15 g as 1 drink of alcohol. The 7 drinks/wk, 105 g/wk, 30 drinks/mo, and 15 ounce/mo were considered equivalent to 1 drink/day or light drinking. Likewise, 3.5 drink/wk, 52.5 g/wk, 15 drinks/mo, and 7.5 ounce/mo were considered as 0.5 drink/day or very light drinking. Also, 15-30 g/day, 7-14 drinks/wk, 105-210 g/wk, 30-60 drinks/mo, and 15-30 ounce/mo were categorized to 1 to 2 drinks/day or moderate drinking. We chose the upper limit of the range of drinking to categorize levels of drinking: 5-15 g/day of drinking was considered as light drinking; if the upper limit exceeded 15 g/day, then it was categorized as moderate drinking. We performed the subgroup meta-analysis by type of cancer and gender.

5. Assessment of methodological quality of included studies
-----------------------------------------------------------

The methodological quality of the included studies was based on the Newcastle-Ottawa Scale (NOS) \[[@b8-crt-2017-094]\]. This scale has a star system (range, 0 to 9 stars) for the assessment. Standard criteria for high quality have not been established. Regarding outcome assessment, a star was given for a follow-up period of ≥ 5 years and a follow-up rate of ≥ 90%.

6. Statistical analysis
-----------------------

We used the adjusted RR with its 95% CI in order to compute a pooled RR with its 95% CI. Heterogeneity was assessed by Higgins I^2^, which is the percentage of total variation across the studies as follows:

I

2

=

100

\%

×

(

Q

\-

df

)

/

Q

,

where df refers to degrees of freedom, and Q refers to Cochran\'s heterogeneity statistics \[[@b9-crt-2017-094]\]. An I^2^ value lies between 0% (no observed heterogeneity) and 100% (maximal heterogeneity). In general, an I^2^ greater than 50% is considered to have substantial heterogeneity. We used a randome-ffects model meta-analysis based on the DerSimonian and Laird method because most cohort studies were conducted in the different populations \[[@b10-crt-2017-094],[@b11-crt-2017-094]\]. A STATA ver. 13.1 software (StataCorp LP, College Station, TX) was used for statistical analysis.

Results
=======

1. Selection of relevant studies
--------------------------------

[Fig. 1](#f1-crt-2017-094){ref-type="fig"} shows a flow diagram of how we selected relevant studies. We identified a total of 4,721 articles consisting of 3,264 articles from PubMed and 1,457 articles from EMBASE. We excluded 787 duplicate articles and 3,503 articles that did not meet the selection criteria after reviewing 3,934 articles based on titles and abstracts. After reviewing the full text of the remaining 431 articles along with additional 65 articles newly located from relevant bibliographies, 361 articles were excluded because of studies sharing an identical population (n=27), insufficient data (n=94), studies with no available data for outcome measures (n=53), review or meta-analysis (n=18), case-studies or other study designs (n=23), and no relevant studies (n=146). From a total of 135 articles, 60 cohort studies were included in the final analysis (references of 135 articles are presented in Supplementary Material).

2. Characteristics of studies included in the final analysis
------------------------------------------------------------

All the 60 cohort studies included in the final analysis involved a total of 9,428,076 participants (5,478,133 women and 3,949,943 men). As an outcome measure, all studies reported cancer incidence, and 14 studies reported cancer mortality. The number of studies according to cancer organ site were as follows (incidence, mortality): oral cavity and oropharynx (n=5, n=2), esophagus (squamous cell carcinoma) (n=2), esophagus (adenocarcinoma) and cardia (n=3), stomach (n=9, n=2), colorectum (n=16, n=5), liver (n=2, n=2), pancreas (n=5, n=4), lung cancer (n=10, n=5), female breast (n=27, n=7), endometrium (n=9), ovary (n=5), prostate (n=14, n=4), kidney (n=7, n=1), bladder (n=4), hematologic malignancies (n=8, n=2), and skin (malignant melanoma) (n=3) ([Table 1](#t1-crt-2017-094){ref-type="table"}).

Studies were conducted in North America (n=30, n=10), Europe (n=21), and Asia (n=9, n=4) ([Table 1](#t1-crt-2017-094){ref-type="table"}). General characteristics of the studies included in the final analysis by cancer incidence and mortality are presented in [S1](#SD1-crt-2017-094){ref-type="supplementary-material"} and [S2 Tables](#SD2-crt-2017-094){ref-type="supplementary-material"}.

3. Methodological quality of studies
------------------------------------

[S3](#SD3-crt-2017-094){ref-type="supplementary-material"} and [S4 Tables](#SD4-crt-2017-094){ref-type="supplementary-material"} show the methodological quality of the studies included in the analysis. The range of scores was 5 to 9 for cancer incidence and 6-8 for cancer mortality. The mean score was 6.8 for cancer incidence studies (n=121) and 6.9 for cancer mortality studies (n=14).

4. Very light alcohol drinking and the risk of cancer
-----------------------------------------------------

### 1) Incidence

[Table 2](#t2-crt-2017-094){ref-type="table"} shows the associations between cancer incidence and very light, light, and moderate alcohol drinking. Overall very light drinking (≤ 0.5 drink/day) was not associated with the incidence of most cancers. However, very light drinking was significantly associated with a decreased incidence of both female and male lung cancer (RR, 0.89; 95% CI, 0.84 to 0.93; I^2^=6.9%; n=3), female lung cancer (RR, 0.82; 95% CI, 0.70 to 0.95; I^2^=12.9%; n=2), whereas it increased the incidence of female breast cancer (RR, 1.04; 95% CI, 1.01 to 1.07; I^2^=3.7%; n=20). There was no significant association between very light drinking and the incidence of head and neck cancer, esophageal cancer, stomach cancer, colorectal cancer, pancreatic cancer, endometrial cancer, ovary cancer, prostate cancer, kidney cancer, bladder cancer, thyroid cancer, and hematologic malignancy.

### 2) Mortality

[Table 3](#t3-crt-2017-094){ref-type="table"} shows the associations between cancer mortality and very light, light, and moderate alcohol drinking. Very light drinking reduced the mortality of both female and male lung cancer (RR, 0.81; 95% CI, 0.69 to 0.94; I^2^=0.0%; n=2), female lung cancer (RR, 0.70; 95% CI, 0.56 to 0.89; n=1) and female breast cancer (RR, 0.79; 95% CI, 0.64 to 0.97; I^2^=0.0%; n=2). There was no significant association between very light drinking and the mortality of colorectal cancer, gallbladder cancer, prostate cancer, and hematologic malignancy.

5. Light alcohol drinking and the risk of cancer
------------------------------------------------

### 1) Incidence

As shown in [Table 2](#t2-crt-2017-094){ref-type="table"}, similar to the findings of very light alcohol drinking, overall light drinking (≤ 1 drink/day) was not associated with the incidence of most cancers. However, light drinking was significantly associated with a decreased incidence of both female and male lung cancer (RR, 0.91; 95% CI, 0.90 to 0.94; I^2^=0.0%; n=10), male lung cancer (RR, 0.91; 95% CI, 0.90 to 0.95; I^2^=0.0%; n=3), and female lung cancer (RR, 0.90; 95% CI, 0.87 to 0.94; I^2^=0.0%; n=4), whereas it increased the incidence of female breast cancer (RR, 1.09; 95% CI, 1.06 to 1.12; I^2^=32.8%; n=25) ([Fig. 2](#f2-crt-2017-094){ref-type="fig"}), both female and male colorectal cancer (RR, 1.04; 95% CI, 1.01 to 1.06; I^2^=0.0; n=14), male colorectal cancer (RR, 1.06; 95% CI, 1.01 to 1.11; I^2^=0.0%; n=6) ([Fig. 3](#f3-crt-2017-094){ref-type="fig"}), and both female and male malignant melanoma (RR, 1.44; 95% CI, 1.18 to 1.76; I^2^=0.0%; n=3). In the subgroup meta-analysis by type of male colorectal cancer, light drinking was not associated with the incidence of either colon cancer (RR, 1.02; 95% CI, 0.87 to 1.21; I^2^=0.0%; n=5) or rectal cancer (RR, 1.07; 95% CI, 0.69 to 1.64; I^2^=0.0%; n=3). Also, light drinking was marginally associated with a decreased incidence of both female and male thyroid cancer (RR, 0.89; 95% CI, 0.79 to 1.00; I^2^=0.0%; n=6). There was no significant association between light drinking and the incidence of oropharyngeal cancer, head and neck cancer, esophageal cancer, stomach cancer, liver cancer, pancreatic cancer, endometrial cancer, ovary cancer, prostate cancer, kidney cancer, bladder cancer, and hematologic malignancy.

### 2) Mortality

As shown in [Table 3](#t3-crt-2017-094){ref-type="table"}, light drinking reduced the mortality of female stomach cancer (RR, 0.65; 95% CI, 0.44 to 0.98; n=1) and male lung cancer (RR, 0.79; 95% CI, 0.70 to 0.87; I^2^=0.0%; n=5). There was no significant association between light drinking and the mortality of oropharyngeal cancer, esophageal cancer, larynx cancer, colorectal cancer, liver cancer, female gallbladder cancer, pancreatic cancer, breast cancer, cervical cancer, prostate cancer, and hematologic malignancy.

6. Moderate alcohol drinking and the risk of cancer
---------------------------------------------------

### 1) Incidence

As shown in [Table 2](#t2-crt-2017-094){ref-type="table"}, moderate drinking (1-2 drinks/day) increased the incidence of both female and male oropharyngeal cancer (RR, 1.12; 95% CI, 1.01 to 1.24; I^2^=19.5%; n=3), female oropharyngeal cancer (RR, 1.18; 95% CI, 1.05 to 1.33; I^2^=0.0%; n=3), female larynx cancer (RR, 1.74; 95% CI, 1.25 to 2.41; n=1), both female and male squamous cell esophageal cancer (RR, 1.98; 95% CI, 1.25 to 3.14; I^2^=0.0%; n=2), both female and male colorectal cancer (RR, 1.10; 95% CI, 1.03 to 1.19; I^2^=41.0%; n=6), male colorectal cancer (RR, 1.19; 95% CI, 1.06 to 1.35; I^2^=10.6%; n=6), female breast cancer (RR, 1.13; 95% CI, 1.11 to 1.15; I^2^=0%; n=15), and both female and male malignant melanoma (RR, 1.77; 95% CI, 1.35 to 2.33; I^2^=0.0%; n=2). Also, it was marginally significantly associated with an increased incidence of female and male liver cancer (RR, 1.26; 95% CI, 1.00 to 1.58; I^2^=0.0%; n=2). On the contrary, moderate drinking reduced the incidence of both female and male kidney cancer (RR, 0.93; 95% CI, 0.86 to 1.00; I^2^=0.0%; n=3), female kidney cancer (RR, 0.93; 95% CI, 0.80 to 0.94; n=1), both female and male thyroid cancer (RR, 0.68; 95% CI, 0.56 to 0.84; I^2^=0.0%; n=3), female thyroid cancer (RR, 0.67; 95% CI, 0.53 to 0.85; I^2^=0.0%; n=2), and both female and male hematologic malignancy (RR, 0.89; 95% CI, 0.81 to 0.99; I^2^=52.3%; n=6). There was no significant association between moderate drinking and the incidence of head and neck cancer, adenomatous esophageal cancer and cardia, stomach cancer, pancreatic cancer, lung cancer, endometrial cancer, ovary cancer, prostate cancer, and bladder cancer.

### 2) Mortality

As shown in [Table 3](#t3-crt-2017-094){ref-type="table"}, overall moderate drinking was not associated with the mortality of most cancers. However, it increased the mortality of female colorectal cancer (RR, 2.51; 95% CI, 1.31 to 4.82; n=1) and female breast cancer (RR, 1.04; 95% CI, 1.01 to 1.07; I^2^=0.0%; n=2), while it reduced the mortality of male kidney cancer (RR, 0.46; 95% CI, 0.23 to 0.93; n=1).

Discussion
==========

1. Principal findings
---------------------

In the current large scale meta-analysis of cohort studies, we found that compared with nondrinking or occasional alcohol drinking, very light (≤ 0.5 drink/day) or light (≤ 1 drink/day did not increase the incidence of most cancers except for female breast cancer and male colorectal cancer by up to 9% and 6%, respectively. Conversely, light drinking was associated with a decreased incidence of both female and male lung cancer significantly and both female and male thyroid cancer marginally significantly. In the meantime, moderate drinking, i.e., 1 to 2 drink/day significantly increased the incidence of two types of cancer, male colorectal cancer and female breast cancer, whereas it decreased the incidence of both female and male hematologic malignancy. Also, there is a limitation to draw definite conclusions on the associations between very light or light drinking and the risk of several types of cancer such as lung cancer, malignant melanoma, and rectal cancer in incidence along with those associations in mortality and the associations between moderate drinking and the risk of most cancers except for male colorectal cancer, female breast cancer, and hematologic malignancy in both incidence and mortality because of a paucity of the included studies.

2. Comparison with previous findings
------------------------------------

Our conclusion on the association between light drinking and the risk of cancer are inconsistent with those from a previous large scale meta-analysis of observational epidemiological studies. Bagnardi et al.'s meta-analysis \[[@b7-crt-2017-094]\] of 222 articles which included case-control studies and cohort studies published before December 2010 concluded that light drinking (1 drink/day) increased the risk of cancer of oral cavity, pharynx, esophagus, and female breast \[[@b6-crt-2017-094]\]. As mentioned before in the introduction section, however, they did not consider the difference in findings between case-control studies and cohort studies and drew a wrong conclusion based on the findings from combining the results of both case-control studies and cohort studies. As Prof. Myung pointed out in his letter, except for breast cancer, the subgroup meta-analysis of cohort studies which generally provide a higher level of evidence than case-control studies did not show any significant association between light alcohol drinking and the risk of cancers of oral cavity, pharynx, and esophagus although light drinking was significantly associated with the increased risk of these cancers in the subgroup meta-analysis of case-control studies. Therefore, Bagnardi et al.'s meta-analysis \[[@b7-crt-2017-094]\] should have concluded that overall light drinking was not associated with the risk of cancer, although it increased the risk of female breast cancer slightly.

After the publication of Bagnardi et al.'s meta-analysis \[[@b7-crt-2017-094]\], the 2015 newly revised ECAC fourth edition changed its recommendation on drinking from "Moderate your consumption to two drinks per day if you are a man or one drink per day if you are a woman" to "Not drinking is better for cancer prevention" based on the similar conclusions to those from Bagnardi et al. \[[@b7-crt-2017-094]\]. The ECAC fourth edition also did not consider the difference in findings between case-control studies and cohort studies and moreover wrongly used data for moderate drinking or just drinking instead of light drinking for the meta-analysis.

3. Meaning and implications of the current findings for policy makers and clinicians
------------------------------------------------------------------------------------

In our study, except for only two types of cancer, female breast cancer and male colorectal cancer, very light or light drinking was not associated with the risk of most cancers. Although the incidence of malignant melanoma was increased with light drinking, it remains inconclusive due to a small number of included studies. As for female breast cancer, its incidence was increased at even the level of very light drinking (≤ 0.5 drink/day), which can be interpreted that there is no safe level for alcohol drinking regarding female breast cancer. Also, light drinking (≤ 1 drink/day) was associated with the increased incidence of male colorectal cancer. However, except for these two types of cancer, there was no sufficient evidence to support that very light or light drinking up to 1 drink/day increases the risk of most of cancers. On the contrary, light drinking significantly decreased the incidence of both female and male lung cancer significantly and thyroid cancer marginally significantly. Thus, our findings imply that very light or light drinking has both benefits and harms in cancer prevention according to types of cancers.

4. Possible mechanisms for the main findings
--------------------------------------------

The possible mechanisms on the association between alcohol consumption and the risk of breast cancer include the effect of alcohol on estrogen levels and estrogen receptor in mammary epithelial cells, the carcinogenic effect of ethanol metabolites, the effect of ethanol on epigenetic regulation of gene expression in the breast \[[@b42-crt-2017-094]\]. As for colon cancer, potential mechanisms to be examined in human-based studies are acetaldehyde production in the colon, cell proliferation due to ethanol or acetaldehyde exposure, and alterations in DNA repair mechanisms \[[@b43-crt-2017-094]\]. However, it still remains unclear why even very light or light drinking levels increase the incidence of female breast cancer and male colorectal cancer unlike the remaining common cancers.

In the meantime, very light or light drinking was associated with the decreased incidence of lung cancer significantly and thyroid cancer marginally significantly. It has been suggested that the protective effect of low or moderate alcohol consumption on lung cancer is attributable to its anti-inflammatory effects through lower plasma concentration of several systemic biomarkers of inflammation compared with no consumption \[[@b44-crt-2017-094]\], antioxidant effects in tumor promotion and progression \[[@b45-crt-2017-094]\], and anti-carcinogenic effects through induction of protective enzymes such as carcinogen detoxification enzymes \[[@b46-crt-2017-094],[@b47-crt-2017-094]\]. However, it remains unclear why these effects would be specific for lung cancer. Also, the possible biological mechanisms on the inverse association between alcohol consumption and the risk of thyroid cancer are the protective effect on developing thyroid cancer by decreased levels of thyroid-stimulating hormone and the direct toxic effect on thyroid cells and consequently reduction of thyroid volume \[[@b48-crt-2017-094]\].

5. Strengths of the current meta-analysis
-----------------------------------------

This is the first meta-analysis of cohort studies that comprehensively investigated the association between very light and light alcohol drinking and the risk of a variety of cancers. Our study has its originality in that for the first time, we claim that overall light alcohol drinking is not associated with the risk of most of the common cancers except for female breast cancer and male colorectal cancer. Our findings refute the newly revised ECAC fourth edition on alcohol drinking and cancer and those from Bagnardi et al.'s meta-analysis \[[@b7-crt-2017-094]\].

6. Limitations
--------------

There are several limitations in our study. First, except for breast cancer, colorectal cancer, and lung cancer, due to a paucity of data on very light or light drinking for most cancers, we were unable to clearly evaluate the associations between very light or light drinking and most cancers. Thus, further studies are necessary to confirm these associations. Second, there might be possible interactions between drinking and other factors such as smoking on the development of breast cancer and colorectal cancer. Although all the included cohort studies adjusted various factors in each multivariable analysis, those factors varied across the studies. For example, however, because most studies included the important factors affecting the development of breast cancer such as age, smoking, age at menopause, age at first birth, family history of breast cancer, hormone replacement therapy, and oral contraceptives, the effect of other unknown confounding factors would be minimal. Last, the generalization of our findings is limited because a small number of cohort studies among Asian populations were included in our analysis. More cohort studies are required to investigate that our findings can be applied to Asian populations.

Our meta-analysis of cohort studies found that compared with non or occasional alcohol drinking, very light or light drinking was not associated with the risk of most cancers except for female breast cancer and male colorectal cancer with a small increase in incidence. Although the IARC re-published *The ECAC 4th Edition: Alcohol Drinking and Cancer* in December 2016 \[[@b49-crt-2017-094]\] with a few corrections of data cited on the association between light alcohol drinking and cancer risk, they still did not consider the difference in findings between case-control studies and cohort studies and stick to the previously revised recommendation. Therefore, we suggest that the revision of the current ECAC fourth edition on alcohol drinking and cancer should be seriously considered from "If you drink alcohol of any type, limit your drinking. Not drinking is better for cancer prevention" to "If you drink alcohol of any type, limit your drinking. Not drinking is better in order to prevent breast cancer in women and colorectal cancer in men."

Conflict of interest relevant to this article was not reported.

Electronic Supplementary Material
=================================

Supplementary materials are available at Cancer Research and Treatment website (<http://www.e-crt.org>).
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###### 

Number of articles and studies by organ site and country among 135 articles and 60 cohort studies

  Category                       Incidence   Mortality        
  ------------------------------ ----------- ----------- ---- ----
  **Site of cancer**                                          
   Upper digestive tract                                      
    Oral and pharynx             5           5           2    2
    Esophagus (SCC)              2           2           5    4
    Esophagus (ADC) and cardia   3           3           NA   NA
    Head and neck                2           2           NA   NA
   Gastrointestinal tract                                     
    Stomach (non-cardia)         11          9           2    2
    Colorectum                   16          16          6    5
    Colon                        10          10          NA   NA
    Rectum                       9           9                
   Hepatobiliary system                                       
    Liver                        2           2           2    2
    Pancreas                     5           5           4    4
    Gallbladder                  NA          NA          1    1
   Respiratory tract                                          
    Lung                         10          10          6    5
    Larynx                       1           1           1    1
   Women\'s cancer                                            
    Breast (female)              34          27          7    7
    Endometrium                  9           9           NA   NA
    Ovary                        5           5           NA   NA
    Cervix/Uterus                2           2           1    1
   Men\'s cancer                                              
    Prostate                     15          14          4    4
   Urological system                                          
    Kidney                       7           7           1    1
    Bladder                      4           4           NA   NA
   Others                                                     
    Thyroid                      6           6           NA   NA
    Hematologic malignancy       8           8           2    2
    Malignant melanoma           3           3           NA   NA
  **Country**                                                 
   Asia                                                       
    China                        3           2           NA   NA
    Japan                        5           4           2    2
    Korea                        3           2           1    1
    Singapore                    3           1           NA   NA
    Honk Kong                    NA          NA          1    1
   North America                                              
    US                           70          28          9    9
    Canada                       4           2           1    1
   Europe                                                     
    UK                           5           5           NA   NA
    Sweden                       6           3           NA   NA
    Norway                       1           1           NA   NA
    Netherland                   10          3           NA   NA
    Lithuania                    2           2           NA   NA
    France                       2           2           NA   NA
    Finland                      1           1           NA   NA
    European countries           1           1           NA   NA
    Denmark                      5           3           NA   NA

SCC, squamous cell carcinoma; ADC, adenocarcinoma; NA, not available.

###### 

Association between very light, light, and moderate alcohol drinking and cancer incidence

  Site of cancer               Total No. of studies   Population   Very light drinking (≤ 0.5 drink/day)   Light drinking (≤ 1 drink/day)   Moderate drinking (1-2 drinks/day)                                                                                      
  ---------------------------- ---------------------- ------------ --------------------------------------- -------------------------------- ------------------------------------ ------------------ ------------------ ------ ------------------ ------------------ ------
  Head and neck                2                      Women/Men    1                                       1.11 (0.75-1.65)                 NA                                   2                  1.00 (0.75-1.33)   0.0    2                  1.18 (0.67-2.07)   63.8
  Oral and pharynx             5                      Women/Men    0                                       NA                               NA                                   4                  0.96 (0.84-1.11)   68.9   3                  1.12 (1.01-1.24)   19.5
                               Women                  0            NA                                      NA                               3                                    0.95 (0.75-1.19)   77.6               3      1.18 (1.05-1.33)   0.0                
                               Men                    0            NA                                      NA                               1                                    0.89 (0.79-1.00)   NA                 2      1.04 (0.93-1.17)   0.0                
  Larynx                       1                      Women/Men    0                                       NA                               NA                                   0                  NA                 NA     0                  NA                 NA
                               Women                  0            NA                                      NA                               1                                    1.13 (0.75-1.70)   NA                 1      1.74 (1.25-2.41)   NA                 
                               Men                    0            NA                                      NA                               0                                    NA                 NA                 0      NA                 NA                 
  Esophagus (SCC)              2                      Women/Men    1                                       0.85 (0.42-1.73)                 NA                                   2                  1.45 (0.90-2.33)   0.0    2                  1.98 (1.25-3.14)   0.0
                               Women                  0            NA                                      NA                               0                                    NA                 NA                 0      NA                 NA                 
                               Men                    0            NA                                      NA                               1                                    1.22 (0.62-2.44)   NA                 1      1.87 (0.99-3.53)   NA                 
  Esophagus (ADC) and cardia   3                      Women/Men    1                                       1.17 (0.69-1.98)                 NA                                   3                  0.83 (0.52-1.33)   44.5   3                  0.81 (0.56-1.17)   0.0
                               Women                  0            NA                                      NA                               0                                    NA                 NA                 0      NA                 NA                 
                               Men                    0            NA                                      NA                               0                                    NA                 NA                 0      NA                 NA                 
  Stomach, non-cardia          11                     Women/Men    3                                       1.00 (0.78-1.30)                 0.0                                  7                  1.00 (0.95-1.07)   0.0    6                  0.91 (0.78-1.06)   0.0
                               Women                  1            1.11 (0.71-1.73)                        NA                               0                                    NA                 NA                 0      NA                 NA                 
                               Men                    2            1.04 (0.66-1.64)                        0.0                              2                                    1.01 (0.92-1.11)   0.0                2      0.91 (0.68-1.20)   0.0                
  Colorectum                   16                     Women/Men    6                                       1.10 (0.94-1.28)                 39.7                                 14                 1.04 (1.01-1.06)   0.0    10                 1.10 (1.03-1.19)   41.0
                               Women                  2            0.92 (0.78-1.08)                        0.0                              7                                    1.02 (0.98-1.06)   0.0                5      1.04 (0.95-1.13)   4.4                
                               Men                    3            1.31 (0.92-1.86)                        47.3                             6                                    1.06 (1.01-1.11)   0.0                6      1.19 (1.06-1.35)   10.6               
  Colon                        10                     Women/Men    2                                       0.91 (0.55-1.49)                 79.4                                 11                 0.99 (0.93-1.05)   1.4    6                  1.01 (0.88-1.15)   43.3
                               Women                  0            NA                                      NA                               5                                    1.12 (0.90-1.40)   60.4               5      1.03 (0.91-1.17)   28.4               
                               Men                    1            1.42 (0.83-2.45)                        NA                               5                                    1.02 (0.87-1.21)   0.0                5      1.08 (0.89-1.31)   0.0                
  Rectum                       9                      Women/Men    2                                       1.47 (0.95-2.29)                 0.0                                  10                 1.04 (0.96-1.12)   0.5    7                  1.03 (0.94-1.12)   0.0
                               Women                  0            NA                                      NA                               4                                    1.02 (0.93-1.11)   0.0                3      0.99 (0.90-1.09)   0.0                
                               Men                    0            NA                                      NA                               3                                    1.07 (0.69-1.64)   0.0                2      1.35 (0.77-2.35)   0.0                
  Liver                        2                      Women/Men    0                                       NA                               NA                                   2                  0.95 (0.76-1.20)   0.0    2                  1.26 (1.00-1.58)   0.0
                               Women                  0            NA                                      NA                               1                                    0.94 (0.72-1.21)   NA                 1      1.20 (0.93-1.55)   NA                 
                               Men                    0            NA                                      NA                               0                                    NA                 NA                 0      NA                 NA                 
  Pancreas                     5                      Women/Men    4                                       1.06 (0.87-1.30)                 0.0                                  3                  1.02 (0.83-1.26)   6.3    3                  1.03 (0.86-1.23)   0.0
                               Women                  0            NA                                      NA                               0                                    NA                 NA                 1      1.01 (0.53-1.91)   NA                 
                               Men                    2            1.25 (0.90-1.74)                        0.0                              1                                    1.39 (0.75-2.56)   NA                 1      1.24 (0.66-2.32)   NA                 
  Lung                         10                     Women/Men    3                                       0.89 (0.84-0.93)                 6.9                                  10                 0.91 (0.90-0.94)   0.0    8                  0.98 (0.91-1.07)   50.0
                               Women                  2            0.82 (0.70-0.95)                        12.9                             4                                    0.90 (0.87-0.94)   0.0                4      1.05 (0.99-1.11)   0.0                
                               Men                    1            0.86 (0.71-1.03)                        NA                               3                                    0.91 (0.90-0.95)   0.0                4      0.98 (0.82-1.16)   52.1               
  Breast (female)              34                     Women        20                                      1.04 (1.01-1.07)                 3.7                                  25                 1.09 (1.06-1.12)   32.8   15                 1.13 (1.11-1.15)   0.0
  Endometrium                  9                      Women        6                                       0.95 (0.80-1.12)                 52.1                                 7                  0.98 (0.93-1.03)   0.0    4                  0.93 (0.84-1.04)   6.8
  Ovary                        5                      Women        2                                       1.00 (0.82-1.22)                 0.0                                  5                  1.02 (0.88-1.20)   52.4   4                  1.20 (0.92-1.56)   66.6
  Cervix and uterus            2                      Women        NA                                      NA                               NA                                   2                  1.02 (0.88-1.19)   0.0    2                  0.99 (0.83-1.17)   0.0
  Prostate                     15                     Men          3                                       1.16 (0.94-1.44)                 0.0                                  13                 1.04 (0.97-1.11)   50.0   3                  1.04 (0.96-1.11)   0.0
  Kidney                       7                      Women/Men    2                                       0.73 (0.50-1.08)                 0.0                                  7                  0.90 (0.81-1.00)   0.0    3                  0.93 (0.86-1.00)   0.0
                               Women                  1            0.75 (0.45-1.29)                        NA                               2                                    0.79 (0.41-1.50)   66.9               1      0.93 (0.80-0.94)   NA                 
                               Men                    NA           NA                                      NA                               3                                    0.90 (0.78-1.03)   0.0                1      0.94 (0.64-1.03)   NA                 
  Bladder                      4                      Women/Men    2                                       1.22 (0.82-1.82)                 27.5                                 5                  1.09 (0.97-1.23)   0.0    4                  1.06 (0.77-1.47)   64.2
                               Women                  0            NA                                      NA                               1                                    1.05 (0.92-1.21)   NA                 1      0.91 (0.77-1.07)   NA                 
                               Men                    0            NA                                      NA                               1                                    1.31 (0.80-2.13)   NA                 0      NA                 NA                 
  Thyroid                      6                      Women/Men    1                                       1.01 (0.76-1.36)                 NA                                   6                  0.89 (0.79-1.00)   0.0    3                  0.68 (0.56-0.84)   0.0
                               Women                  0            NA                                      NA                               5                                    0.89 (0.78-1.01)   0.0                2      0.67 (0.53-0.85)   0.0                
                               Men                    0            NA                                      NA                               1                                    0.62 (0.25-1.54)   NA                 1      0.69 (0.40-1.20)   NA                 
  Hematologic malignancy       8                      Women/Men    3                                       1.05 (0.87-1.26)                 15.1                                 6                  0.98 (0.91-1.05)   41.4   6                  0.89 (0.81-0.99)   52.3
                               Women                  1            1.16 (0.88-1.54)                        NA                               4                                    0.99 (0.93-1.06)   0.0                3      0.91 (0.81-1.02)   0.0                
                               Men                    0            NA                                      NA                               2                                    0.98 (0.81-1.19)   54.2               2      0.90 (0.78-1.04)   0.0                
  Malignant melanoma           3                      Women/Men    0                                       NA                               NA                                   3                  1.44 (1.18-1.76)   0.0    2                  1.77 (1.35-2.33)   0.0
                               Women                  0            NA                                      NA                               2                                    1.32 (0.97-1.79)   0.0                1      1.70 (0.90-3.10)   NA                 
                               Men                    0            NA                                      NA                               0                                    NA                 NA                 1      0.90 (0.20-3.00)   NA                 

RR, relative risk; CI, confidence interval; NA, not applicable; SCC, squamous cell carcinoma; ADC, adenocarcinoma.

###### 

Association between very light, light, and moderate alcohol drinking and cancer mortality

  Site of cancer           Total No. of studies   Population   Very light drinking (≤ 0.5 drink/day)   Light drinking (≤ 1 drink/day)   Moderate drinking (1-2 drinks/day)                                                                                       
  ------------------------ ---------------------- ------------ --------------------------------------- -------------------------------- ------------------------------------ ------------------- ------------------ ------ ------------------ ------------------ ------
  Oral and pharynx         2                      Women/Men    0                                       NA                               NA                                   0                   NA                 NA     0                  NA                 NA
                           Women                  0            NA                                      NA                               0                                    NA                  NA                 0      NA                 NA                 
                           Men                    0            NA                                      NA                               2                                    0.71 (0.24-2.16)    72.0               1      0.75 (0.27-2.06)   NA                 
  Esophagus                4                      Women/Men    0                                       NA                               NA                                   0                   NA                 NA     0                  NA                 NA
                           Women                  0            NA                                      NA                               0                                    NA                  NA                 0      NA                 NA                 
                           Men                    0            NA                                      NA                               4                                    1.17 (0.98-1.39)    0.0                2      1.46 (0.93-2.16)   0.0                
  Larynx                   1                      Women/Men    0                                       NA                               NA                                   0                   NA                 NA     0                  NA                 NA
                           Women                  0            NA                                      NA                               0                                    NA                  NA                 0      NA                 NA                 
                           Men                    0            NA                                      NA                               1                                    1.31 (0.60-2.85)    NA                 1      0.87 (0.32-2.35)   NA                 
  Stomach                  2                      Women/Men    0                                       NA                               NA                                   3                   0.81 (0.58-1.12)   49.5   2                  1.11 (0.79-1.56)   43.6
                           Women                  0            NA                                      NA                               1                                    0.65 (0.44-0.98)    NA                 1      1.48 (0.85-2.57)   NA                 
                           Men                    0            NA                                      NA                               2                                    0.95 (0.83-1.10)    0.0                1      1.00 (0.85-1.18)   NA                 
  Colorectum               6                      Women/Men    2                                       0.88 (0.70-1.12)                 0.0                                  6                   0.97 (0.83-1.14)   32.6   2                  1.55 (0.67-3.58)   82.4
                           Women                  1            0.74 (0.53-1.03)                        NA                               4                                    0.79 (0.58-1.06)    26.3               1      2.51 (1.31-4.82)   NA                 
                           Men                    2            1.06 (0.72-1.55)                        0.0                              5                                    1.11 (0.95-1.28)    0.0                1      1.06 (0.80-1.40)   NA                 
  Liver                    2                      Women/Men    0                                       NA                               NA                                   2                   0.92 (0.81-1.04)   0.0    2                  1.00 (0.88-1.14)   37.7
                           Women                  0            NA                                      NA                               2                                    0.78 (0.48-1.25)    0.0                1      1.80 (0.90-1.10)   NA                 
                           Men                    0            NA                                      NA                               2                                    0.93 (0.81-1.06)    0.0                2      0.98 (0.91-1.07)   0.0                
  Gallbladder              1                      Women/Men    0                                       NA                               NA                                   0                   NA                 NA     0                  NA                 NA
                           Women                  1            1.49 (0.59-3.74)                        NA                               1                                    1.14 (0.28-4.70)    NA                 0      NA                 NA                 
                           Men                    0            NA                                      NA                               0                                    NA                  NA                 0      NA                 NA                 
  Pancreas                 4                      Women/Men    0                                       NA                               NA                                   4                   0.93 (0.78-1.11)   22.0   1                  0.95 (0.72-1.27)   0.0
                           Women                  0            NA                                      NA                               1                                    0.66 (0.35-1.23)    NA                 1      0.50 (0.12-2.05)   NA                 
                           Men                    1            0.52 (0.23-1.15)                        NA                               3                                    1.01 (0.55-1.85)    55.8               1      0.98 (0.73-1.31)   NA                 
  Lung                     5                      Women/Men    2                                       0.81 (0.69-0.94)                 0.0                                  6                   0.90 (0.79-1.04)   49.3   0                  NA                 NA
                           Women                  1            0.70 (0.56-0.89)                        NA                               3                                    1.03 (0.80-1.31)    43.1               1      0.94 (0.45-1.94)   NA                 
                           Men                    2            0.84 (0.68-1.03)                        0.0                              5                                    0.79 (0.70-0.87)    0.0                1      0.78 (0.68-0.90)   NA                 
  Breast                   7                      Women        2                                       0.79 (0.64-0.97)                 0.0                                  6                   1.06 (0.97-1.16)   31.5   2                  1.04 (1.01-1.07)   0.0
  Cervix/Uterus            1                      Women        0                                       NA                               NA                                   1                   1.09 (0.50-2.35)   NA     1                  1.10 (0.25-4.79)   NA
  Prostate                 4                      Men          2                                       0.92 (0.68-1.25)                 0.0                                  1                   1.14 (0.85-1.52)   0.0    1                  1.75 (0.72-4.22)   NA
  Kidney                   1                      Women/Men    0                                       NA                               NA                                   0                   NA                 NA     0                  NA                 NA
                           Women                  0            NA                                      NA                               0                                    NA                  NA                 0      NA                 NA                 
                           Men                    0            NA                                      NA                               1                                    0.63 (0.35-1.12)    NA                 1      0.46 (0.23-0.93)   NA                 
  Hematologic malignancy   2                      Women/Men    0                                       NA                               NA                                   2                   1.24 (0.40-3.86)   55.6   1                  1.00 (0.63-1.60)   NA
                           Women                  0            NA                                      NA                               1                                    3.26 (0.79-13.48)   NA                 0      NA                 NA                 
                           Men                    1            0.87 (0.49-1.53)                        NA                               3                                    0.80 (0.54-1.18)    1.9                1      1.00 (0.63-1.60)   NA                 

RR, relative risk; CI, confidence interval; NA, not applicable.

[^1]: Present address: Health Medical Center, Gangneung Asan Hospital, Gangneung, Korea
